The present study assessed the ability of normal Japanese adults to recognize kanji and hiragana characters through passive finger tracing without visual cues. We tested fifty-six right-handed Japanese university students using the left or right hand. Participants recognized approximately 50% of 44 kanji characters, regardless of the hand they used. The results are consistent with previous findings in Chinese speakers. In contrast, the average correct response to the 44 hiragana was almost 80%, again irrespective of hand. The results are discussed in terms of differential processing systems for Japanese writing and of differential cerebral hemispheric specializations.
Introduction
Finger tracing or "kusho behavior" is writing-like-behavior performed in the air, on a desk, or on one's lap without pen and paper when writing Chinese characters (Kanji) that is often seen in Chinese and Japanese people. It is considered to provide evidence that orthographic information processing involves components of "graphomotoric coding" or "kinesthetic memory of writing" (Hoosain, 1991; Matsuo, Kato, Okada, Moriya, Glover, & Nakai, 2003; Sasaki & Watanabe, 1983 . A phenomenon similar to tracing is also observed in patients with language disorders caused by brain damage. Patients suffering from alexia without agrahia (or pure alexia) following damage to the left occipital cortex and the splenium of the corpus callosum can often "read" the letters by tracing voluntarily or passively (others take the hand and move) with their fingers. This "kinesthetic facilitation effect" suggests that alexic patients can identify the letters through kinesthetic feedback (e.g., Friedman, Ween, & Albert, 1993; Fukunaga, Hattori, Tagawa, & Ubukata, 2010; Kashiwagi & Kashiwagi, 1989; Seki, Yajima, & Sugishita, 1995) . One possible interpretation of this phenomenon is that kinesthetic information from the finger tracing of the right hand is transferred through the intact part of the corpus callosum to the language-related areas of the left hemisphere (Seki et al., 1995) . Yim-Ng, Varley, and Andrade (2000) reported an interesting study of the links from the motor representation of writing to the reading system in healthy Chinese speakers. They asked right-handed, blindfolded Chinese volunteers to identify Chinese characters (kanji) through passive tracing movements guided by the experimenter, using the fingers of the right hand. The participants were able to recognize on average approximately 70% of the characters. In other words, normal participants could recognize Chinese characters solely by kinaesthetic feedback without visual information. These research findings also support the existence of graphomotoric coding (information related to writing movement generated by the visuospatial representations of characters) in native users of Chinese. We were interested in investigating whether this phenomenon also occurred with native speakers of Japanese when using the Chinese characters (kanji) in the same way. However, in Japanese, there is an important problem that arises from the characteristics of the notation. The Japanese writing system has two different types of character, kanji and kana. Kanji characters are logographic in nature and derived from imported Chinese characters. Nowadays only around 2000 kanji characters are in common use. In contrast, phonographic kana characters were developed originally in Japan. Kana has two types of character, hiragana and katakana, both of which have 46 basic characters. Because they were devised by cursive forms (hiragana) and abbreviations (katakana) of kanji, the configurations of kana characters are simpler than the majority of kanji characters. Kana is syllabic system, in which a single pronunciation is always represented by a pair of hiragana and katakana characters. In contrast, most of the kanji characters used in everyday Japanese have two or more different pronunciations (Habein, 1984; Henshall and Kawai, 2004; Sato, 2013) . In fact, most Japanese sentences contain both kanji (e.g., most nouns and the stems of most verbs and adjectives) and hiragana (e.g., most function words, the inflections of verbs and adjectives, and some content words), while some additionally use katakana (e.g., loanwords from Western languages, foreign personal names). Figure 1 shows an example of the Japanese sentence notation.
Since kana has a highly regular orthography, most Japanese children quickly master kana reading and writing in the first grade of elementary school (at the age of 6 -7 years). They begin to learn kanji after having learnt kana. By the end of the sixth grade, Japanese children should have mastered about 1000 kanji characters. However, the relative readability of kana and kanji is affected by various factors including familiarity and frequency with which they are written at the level of words and sentences (Besner & Hildebrandt, 1987; Chikamatsu, Yokoyama, Nozaki, Long, & Fukuda, 2000; Sugishita, Otomo, Kabe, & Yunoki, 1992; Ukita & Ukita, 1996) . Japanese aphasia and alexia patients are known to show various types of dissociation between the ability to process kana and kanji. Among these patterns, there are more case reports of alexia specific to, or predominant for, kana rather than kanji characters (Sasanuma, 1975; Yamadori, 1998) . This interesting phenomenon has been reported in many studies, and two approaches have been taken to explain it. One approach proposes that both kanji and kana are processed by a common set of essentially left hemisphere regions, but rely on different intra-hemispheric neuronal circuits. For example, Iwata (1984) proposed that the semantic processing of reading kanji depends on the left posterior inferior temporal area, while the phonological reading of kana is mediated by the left angular gyrus. The other approach proposes that kana characters are processed mainly by the left hemisphere, but kanji characters may be processed by both left and right hemispheres owing to the greater ability of the right hemisphere to process visual features. In particular, studies using unilateral tachistoscopic presentation have demonstrated that although the right cerebral hemisphere is more efficient than the left hemisphere at processing single kanji characters (Hatta, 1978; Nakagawa, 1994) , there is a reverse tendency when processing two-cha- 
私は 毎日 ビールを 飲みます。

Watashi wa mainichi biru o nomimasu. 'I drink beer every day.'
racter kanji words or kanji-kana mixed words (Hatta, 1978) . Results that were totally similar to these Japanese studies were found in Chinese experiments using Chinese characters and words (Cheng & Yang, 1989; Tzeng, Hung, Cotton, & Wang, 1979) . However, there is also a radical opinion that denies the essential difference between kanji and kana reading, based on a more careful examination of various aphasic patients (Sugishita et al., 1992) .
The aims of the present study were three-fold. The first was to evaluate the ability of normal Japanese adults to recognize Japanese characters through passive tracing without the aid of visual input. The second was to examine whether there was a difference in the readability of kana and the kanji through passive tracing. A particularly notable finding in the Japanese pure alexia patients was that the kinesthetic facilitation effect by finger tracing was greater in kana than kanji (Torii, Fukuta, & Koyama, 1972; Iwata, 1977) . The third aim was to examine whether reading performance differed between the right (dominant) and left (nondominant) hand. If the right hemisphere participates in the reading of kanji, then a difference may occur for reading with the left and right hands. Furthermore, another interesting question is whether the difference between the left and right hands occurred in kana recognition.
Method
Design
To exclude an effect of order of hand use, we adopted a 2 × 2 repeated measures design, with the hand (right and left) used as a between-subjects factor and stimuli (kana and kanji) as a within-subjects factor.
Participant
The participants were 56 right-handed Japanese university students (28 males and 28 females: mean age 20.5 ± 1.5 years; age range 18 -24 years). Right handedness was determined using the H. N. Handedness Inventory (HNI: Hatta & Nakatsuka, 1974) . The HNI, which has been widely used in Japanese handedness-related studies, consists of 10 items regarding hand preference for daily activities. It assigns a score of +1 when the right hand is used, −1 when the left hand is used, and 0 when the two hands are used in approximately equally. Therefore the HNI handedness score ranges from −10 to +10. The criterion for right handedness is a score >+8.
Each participant was randomly assigned by sex to one of two hand groups, each with 14 men and 14 women, on the basis of the hand to be used in the tracing task: left hand (mean age = 20.4 years, SD = 1.6) and right hand (mean age = 20.7 years, SD = 1.4).
All the procedures in this study conformed to the code of ethics and conduct of the Japanese Psychological Association. All participants gave informed written consent for participation.
Materials
As mentioned before, there are two types of Japanese phonographic kana, termed hiragana and katakana, of which the former is the more commonly used. Only hiragana characters were used in the present study. Fortyfour of the 46 hiragana characters were used (see Table 1 ; two special characters were excluded). The number of kanji characters in common use is nearly 2000, far greater than the number of kana characters. Further, there is considerable difference in the frequency of use and familiarity of the kanji characters (Besner & Hildebrandt, 1987; Chikamatsu et al., 2000; Sugishita et al., 1992) . In an effort to equalize the difficulty of reading kanji and kana, we selected 44 kanji characters that are taught during the first grade in elementary schools, with reference to the method of Sugishita et al. (1992) . These characters are very commonly used in Japanese everyday life ( Table 2) .
Procedures
Each participant sat blindfolded at a table in a normal writing posture and was asked to put their index finger of the right or left hand on the table. The experimenter stood behind the participant and held their hand, guiding the finger to trace a character printed on a piece of paper. The size of all characters was identical (4 cm × 4 cm). The experimenter instructed each participant as follows: "I would like you trace a letter with your right (or left) hand. The letter to trace is a basic kanji character or a hiragana letter. Please tell me what the letter which you traced was. The same letter may appear more than once." The typical sequence of strokes used to write each character was used, and the experimenter controlled the tracing speed to be consistent with the natural writing speed. After each complete trace, the experimenter asked the participants what character they had traced, and their responses were recorded immediately. There was no time limit between the end of tracing and the response. The kanji and kana stimuli were tested in separate sessions. The order of sessions and the presentation order of stimuli in each session were randomized. Each character was presented only once. A total of 88 trials were conducted. After finger tracing sessions, each stimulus character was presented visually to the participants, and they were instructed to read them aloud in order to check for difficult or unknown characters.
Measures
The mean percentage of correct responses for each participant in each condition was taken as an index of the accuracy of identification (reading). For a kanji character with two or more pronunciations, any of these pronunciations was judged to be a correct answer. The erroneous responses were categorized into two types: 1) no response (including "I could not read it"), 2) misidentifications with other letters (including partial identification or partial substitution).
Data Analyses
The mean percentage of correct responses for the left-and right-hand groups on the kanji and hiragana tasks were analyzed using a two-way mixed model ANOVA, with hand used (group) as a between-subjects factor, and tasks (kanji, kana) as a repeated-measures, within-subjects factor.
One factor that could potentially account for a discrepancy between kanji and kana is the difference in visuospatial complexities of the two types of characters. Sugishita et al. (1992) suggested that the number of strokes required to write each character provides a useful measure of complexity. According to this proposal, no kana character has more than five strokes. In contrast, the kanji characters employed here had between 2 and 10 strokes. Therefore, some of the kanji characters could be considered to be visuospatially more complex than the kana characters. In order to assess the possible effects of visuospatial complexity on reading performance, an additional analysis was conducted using the method previously employed by Sugishita et al. (1992) when studying the reading abilities of Japanese aphasic patients. The kanji characters were classified into two subsets: a high complexity set (HC-kanji) comprising those formed with many strokes (6 to 10), and a low complexity set (LC-kanji) comprising those written with few strokes (2 to 5). In the present study, the high complexity set included 26 characters, and the low complexity set included 18 characters. A one-way within-subjects ANOVA was carried out on the mean percentage of correct responses between the three groups of characters. Table 3 shows the mean percentage of correct responses for left-hand and right-hand groups on the kanji and
Results
A two-way mixed model ANOVA (Group × Task) indicated a significant main effect of task [F(1, 53) = 192.63, p < .001, partial η 2 = .784]. In contrast, the main effect of group [F(1, 53) = .52] and the Group × Task interaction [(F(1, 53) = 1.35, p = .25] were not significant. This result indicates that hiragana characters are recognized more accurately than kanji characters regardless of the hand used. From an analysis of errors, the proportion of no response was greater than 70% in the kanji task (73.7% in the left-hand group; 70.0% in the righthand group). There were few misidentifications with other letters (including partial identification or partial substitution: 26.3% in the left-hand groups; 30.0% in the right-hand group).
On the other hand, there were around 50% of no responses in the hiragana task (51.3% in the left-hand group; 54.6% in the right-hand group). There were many misidentifications in which the character was confused with other letters (48.7% in the left-hand group; 45.4% in the right-hand group). Table 4 shows the mean percentage of correct responses to hiragana and the two types of kanji stimuli for merged left-and right-hand groups. A one-way ANOVA showed a significant difference [F(2, 110) = 146.02, p < .001, partial η 2 = .799]. Tukey HSD tests (p < .05) indicated significant differences between all three stimuli types. The hiragana stimulus were most easily recognized, followed by the low and high complexity kanji. Finally, on the visual reading task after the experiment, all participants were immediately able to read aloud all kanji and hiragana stimuli.
Discussion
The present study assessed the ability of normal Japanese adults to recognize kanji and kana (hiragana) characters through passive tracing without visual information. Participants were able to identify an average of 50% of kanji stimuli, regardless of the hand used. In contrast, the average correct responses to the hiragana characters reached almost 80%, again regardless of hand used. Because the greater visuospatial complexity of the kanji characters may have affected performance, the data were reanalyzed with the kanji stimuli classified into high and low complexity subsets on the basis of the number of strokes needed to form each character. Comparison of performances for the high and low complexity kanji stimuli revealed significantly greater accuracy for the low complexity kanji stimuli. This difference is consistent with results reported by Yim-Ng et al. (2000) . However, performance was still better for the hiragana stimuli than for the low complexity kanji stimuli. The greater rea- Note. Abbreviations: HC kanji = high-complexity kanji stimuli; LC kanji = low-complexity kanji stimuli; hiragana = hiragana stimuli.
dability of kana in comparison with kanji presented visually is often explained by a frequency effect (Besner & Hildebrandt, 1987; Sugishita et al., 1992) . However, the kanji stimuli that we used included only characters that are frequently used in everyday Japanese life. The fact that every participant was able easily to read aloud all visually shown kanji stimuli provides evidence of the high frequency of our kanji character set. These results cannot be interpreted in terms of either the configurational complexity or the low frequency of kanji characters. One possible explanation of differences between the performances with the present kanji and hiragana stimuli is the difference in the degree of reliance on graphomotoric coding. Based on the findings of brain imaging studies of reading and writing processes and case studies of Japanese pure alexia patients, Nakamura and Kouider (2003) put forward the hypothesis that motor representations (or kinesthetic memory) of kanji characters are more closely associated with their visual images and are not as effectively interconnected with phonology. On the other hand, motor representations of kana characters are likely to link more directly with the phoneme system. This is a hypothesis that merits examination in the future studies of reading through the kinesthetic channel. However, we cannot completely exclude the possibility that the fact there are only 46 hiragana characters (of which only 44 were actually used) provides clues to their identification.
Another important finding was that for either hiragana or kanji stimuli, recognition performance using the left hand did not differ significantly from that using the right hand. Logically, coding through the right hand, for which information directly accesses the left hemisphere, should result in superior reading by the left hand. Furthermore, there may be a kinesthetic memory of skilled writing in the left brain because the right hand is better at writing. On the other hand, if kanji characters were processed by the right hemisphere as well as the left, then recognition performances of the left and right hands might be expected to differ in kanji and hiragana tasks. However, we were not able to find any evidence of a right-hemisphere advantage in the processing of the single kanji characters in the present experiment. However, this fact is rather beneficial in relation to the use of tracing for the rehabilitation of reading disorders. If word identification performance using the nondominant hand was substantially lower than that of the dominant one, then rehabilitation using finger tracing might be ineffective for patients with sensory or movement disorders on the dominant side. The present results suggest the possibility that tracing with the nondominant hand may be as effective as the dominant hand for patients with reading disorders.
One limitation of this study is that the number of kanji stimuli was limited to 44 characters that are taught in the first grade of elementary school, out of the nearly 2000 characters in common use. In addition to high frequency and familiarity, those kanji characters are morphologically simpler than less frequently used kanji characters. Therefore, it may to some extent be unwarranted to claim that the present results reflect a general tendency in kana and kanji recognition. These limitations notwithstanding, the present study has added new knowledge about the importance of graphomotoric coding in the Japanese writing systems.
